Ambient visualization of energy consumption information by Guna, JoÅ¾e & PogaÄnik, MatevÅ¾
Ambient visualization of energy consumption information 
Jože Guna  
University of Ljubljana, 
Faculty of Electrical Engineering 
joze.guna@fe.uni-lj.si 
Matevž Pogačnik 
University of Ljubljana, 
Faculty of Electrical Engineering 
matevz.pogacnik@fe.uni-lj.si 
 
ABSTRACT 
We present the eAMBI, an unobtrusive ambient visual 
interface for displaying the current electrical energy 
consumption information in real time. The system consists 
of a smart IP enabled electrical energy meter, a RaspberryPi 
embedded computer, a controllable colour led strip display 
and software components. Energy consumption data is 
stored on a service provider’s smartgrid data server. This 
information is conveyed to the users by using various 
colour patterns in a subtle, yet informative way. A dynamic 
VU-meter like ambient lighting visualization was selected. 
The system is installed in a typical home environment and 
allows the users to perceive their energy consumption in 
real-time in an unobtrusive way and thus help them change 
their behaviour and possibly habits.  
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INTRODUCTION 
Efficient methods of energy and resource management 
present an important and growing research field, often 
combining technical – energy data gathering and analysis, 
alternative energy production, as well as non-technical 
aspects, such as sustainable design, social behavior 
governing the energy consumption and cultural 
background. However, as stated in [1], effective energy 
reduction strategies will require not only efficient buildings 
but also approaches that help occupants modify their social 
energy use behaviors. Energy consumption can be 
significantly reduced by simply changing how occupants 
inhabit and use buildings, with little or no additional costs. 
The authors propose an emerging measure of grid energy 
capacity - the negawatt: a unit of power saved by either 
increasing efficiency or reducing consumption. Simply put, 
the cheapest watt is the one that’s never created. 
To increase the awareness of responsible energy use the 
visualization methods clearly play an important role in 
enabling the residents to understand and manage their 
behavior. One way of providing the energy consumption 
feedback is by using the In-home Displays (IHD). There are 
multiple ways of visualizing the energy consumption 
related information, from very precise and data packed 
display interfaces to more subtle ambient and implicit 
interfaces. As shown in [2], the direct informational 
feedback provided through various IHDs can have an 
important impact on user behavior and consequently on 
energy consumption and costs. Thus a once opaque and 
static energy (electric) bill turns into a transparent, 
dynamic, and controllable process. The authors show by 
analyzing the results of extensive studies done worldwide 
that the direct feedback provided by IHDs does indeed 
encourage consumers to make more efficient use of energy. 
The electricity consumption was reduced by 7 percent on 
average when a prepayment of electricity was not involved 
and twice that amount with a prepayment system. 
Of course, the sheer amount and diversity of energy 
consumption related data presents a problem and an 
opportunity for HCI related research as well. In [3] the 
authors explore common misconceptions of energy usage in 
the home, establish the potential of feedback to change 
energy consumption behavior, and introduce ten design 
dimensions of feedback technology with which to build and 
evaluate such systems, specifically: frequency of updates, 
measurement units, data granularity, push/pull concept, 
presentation medium, location, visual design, action 
recommending, data comparisons and social aspects. 
Among these, lightweight ambient-like displays are 
discussed with positive impact, as although they provide 
less information, they also require much less attention than 
traditional information rich displays.  
With this in mind, we present an intuitive and information 
wise lightweight ambient interface -eAmbi- for visualizing 
electrical energy consumption in real time. The information 
is conveyed by using various colours and patterns in a 
subtle, yet informative way. 
The rest of the paper is organized as follows: related work 
is presented in section 2; a description of the proposed 
electrical energy consumption ambient rendering system is 
described in section 3; results are presented in section 4; 
while discussion, key conclusions and future work 
references are drawn in sections 5 and 6 respectively. 
RELATED WORK 
An extensive overview of energy-related work within HCI 
as well as from literature outside of HCI is given in [4]. The 
authors identify a central cluster of works focused on 
electricity consumption feedback (ECF) while considering 
the experiential, behavioral, social, and cultural aspects of 
these emerging systems. Based on review of 51 papers 
related to “energy” from HCI-oriented venues, the authors 
conclude that more than 70% of works focus on electricity 
consumption feedback research. Main topics discovered 
are: lack of engagement with emerging energy systems, 
energy awareness and conservation behavior and 
37
consumption feedback. The last topic is traditionally 
conveyed by using various displays and interfaces, where 
ambient displays utilizing lighting other than pixel-based 
displays are specifically mentioned. 
In [5] the authors explore the use of ambient and artistic 
visualizations for providing feedback on residential 
electrical energy consumption. Three different visual 
abstract visualizations are presented while considering four 
design requirements, namely pragmatic, aesthetic, ambient, 
and ecological. The findings of the user study suggest that 
this approach is a viable way to provide resource use 
feedback and that both the aesthetics of the representation 
and the context of use are important elements that must be 
considered in this design space. 
An interesting design, named “Watt-Lite”, to increase the 
increase awareness of electricity consumption is presented 
in [6]. The Watt-Lite concept, consisting of a set of three 
oversized torches projecting real time energy statistics of a 
factory in the physical environment of its employees, is 
meant to explore ways of representing, understanding and 
interacting with electricity in industrial workspaces.  
In [7] the authors present the ‘Power-Aware Cord’, a re-
design of a common electrical power strip that displays the 
amount of energy passing through it at any given moment. 
This is done by dynamic glowing patterns produced by 
electroluminescent wires molded into the transparent 
electrical cord. Initial user testing has proven the Power-
Aware Cord to be a very intuitive and intriguing tool with 
an overall positive response from the test subjects; however 
the actual usage remains to be seen. 
Finally, social aspects can be a powerful motivator for 
reducing the domestic energy consumption, as shown in a 
study [8]. The authors explore the impact of integration of 
the Wattson energy monitor with Facebook, allowing users 
to compare domestic energy consumption. The results of 
the user study encompassing eight homes over an eighteen 
day period show a positive impact of social interactions on 
energy consumption. Two scenarios were observed, one 
with access to only participants’ personal energy data, and 
the second with access to all participants’ data in order to 
make comparisons. A significant reduction in energy was 
observed in the socially enabled condition whilst providing 
a more enjoyable user experience. 
AMBIENT ENERGY CONSUMPTION DATA RENDERING 
SYSTEM 
Considering the importance of energy/electricity related 
consumption feedback we decided to build a system that 
would convey this information in a simple, lightweight, yet 
informative and intuitive way to the user in real-time as part 
of the ambient environment itself. The eAMBI system was 
built using a linear fully controllable colour led-strip visual 
interface for visualization. 
Electrical energy metering 
A CurrentCost EnviR electrical energy metering device [9] 
has been used to measure and transmit current electrical 
energy consumption and ambient temperature information 
to the central smartgrid data server. Data is measured by 
using current clamps on the main power conduit and 
transmitted every five minutes by using the IP bridge to the 
server in Internet. Over time, several parameters can be 
calculated, such as: consumption over time, maximum, 
minimum and average consumption and costs related. The 
installed control unit is shown in Figure 1. 
 
 
Figure 1: CurrentCost electrical energy meter control unit 
Real time and historic data is available for preview and 
analysis on the service provider’s web page. The interface 
is informative and quite intuitive, but requires a computer 
for access. Typical layout of the dashboard is shown in 
Figure 2. 
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 Figure 2: Existing service provider’s energy consumption 
dashboard web application 
Another possibility to access the energy consumption data 
is by using a simple web based API. Data is received as a 
response to HTTP GET method requests. This is the API 
we used in our solution. 
Components 
Beside the IP-enabled CurrentCost electrical energy 
metering device, the proposed system consists of the 
following key components: 
• RaspberryPi board, model B (with 512 MB RAM), 
• Connection breakout board, 
• Adafruit LPD 8806 fully controllable colour led strip 
(1m long with 32 discrete leds), 
• eAmbi Python application running in Linux OS. 
Main hardware components are the new RaspberryPi board, 
the appurtenant connection breakout board and a smart led 
strip. The latter can fully be controlled in software, where 
every led (representing a single pixel in a one dimensional 
display) can be set in any RGB colour and intensity level in 
7 bit precision.  
The software part of the system was developed in Python 
v2.7. The underlying OS environment is Linux based 
distribution Occidentalis, v0.2. 
Hardware components are shown in Figure 3. 
 
 
Figure 3: Hardware components – led strip (A), connection 
breakout board (B) and RaspberryPi board (C) 
Architecture and operation 
The main part of the system is the RaspberryPi board with 
the eAMBI application. On one hand it is connected to the 
Internet via the Ethernet interface and on the other to the 
led strip via the SPI interface. Electrial energy consumption 
data is received from the service provider’s smartgrid data 
server, processed on the RaspberryPi board and the 
resulting visualization information is sent to the led strip. 
The process is executed in real-time with the refresh rate of 
5 minutes. This is currently also the maximum temporal 
resolution of the system imposed by limitation of the 
electrical energy metering device. The architecture is shown 
in Figure 4 in detail. 
 
 
Figure 4: eAMBI system architecture 
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RESULTS 
Current electrical energy consumption has been selected as 
information to be visualized using the one dimensional led 
strip based display. While various visualization strategies 
are possible, a simple, yet informative colour/position VU-
meter type visualization was selected. In the presented 
setup the electrical energy consumption is indicated by the 
position (from bottom to up) and changing colour (from 
green to yellow and finally to red colour hues) and 
brightness (from low at the bottom to high on top). Lowest 
consumption is thus indicated by lighting only a few green 
leds on the bottom while the highest by displaying a full led 
bar. The display itself is mounted vertically on the wall in 
the living room so it can be easily observed but not to be 
overly intrusive.  
In the final setup a simple, yet effective paper diffusor was 
installed, as shown in Figure 5. A fully lit display is shown.  
 
 
Figure 5: Displaying the image without (A) and with the 
installed paper diffusor (B) 
 
 
DISCUSSION 
In theory, any kind of single scalar information can be 
visualized using the proposed system. Our measuring 
system allows for measuring and recording of current 
electrical energy consumption and ambient temperature 
parameters. Considering the literature overview and trends 
we decided on visualizing the current electrical energy 
consumption information as the main focus. Energy related 
costs could present another interesting parameter. 
First question was how best to visualize this information 
using only a single led strip as a display. Considering the 
information light and unobtrusive ambient interface as one 
of the main goals of the study, we decided on simple VU-
meter type of visualization. Other types of 
colour/position/intensity based visualization are, of course, 
possible as well. 
Another interesting issue presented itself when we installed 
the system and performed first lighting tests. The led strip 
was simply too bright (easily corrected), but too “digital” in 
a sense of discrete single lit led lights as well. Therefore, 
we corrected the issue by installing a simple, yet effective 
paper diffusor made of plain A4 white office paper sheets. 
This sufficiently diffused and blended the lighting, resulting 
in a pleasant subtle ambient background light and 
consequently providing better final user experience. Other, 
professionally built types of diffusors, such as matte plastic 
or glass diffusors, could be used as well. 
Still, a question of lower and upper electrical energy 
consumption parameter limits remained. Several strategies 
are possible, from using static presets to dynamically learnt 
values. We decided on a simple approach of using the 
average value of electrical energy consumption as a basis 
and specifying the visualized range of values based on that 
value. In our case, the average consumption was in the 
range of approx. 350W. As the maximum value, 5-times the 
average value was selected, resulting in the 1500W upper 
limit. Should the need arise; these settings can easily be 
changed. 
Of course, one can argue that reducing, or at least 
increasing the awareness of the energy consumption by 
using an additional device with its own consumption, can 
be considered as an oxymoron. However, the proposed 
eAMBI system is very energy efficient. The maximum 
electrical consumption of the RaspberryPi board is 3.5 W 
and the fully lit led strip consumes approx. 9 W. Under 
typical operational conditions these values are much lower, 
and are in the range of 3-5 W. Thus, we think that the 
potential benefits offset these disadvantages.  
A typical installation of the proposed eAMBI system in a 
home environment is shown in Figure 6. The users can thus 
perceive their energy consumption in real-time. The system 
is not directly interactive, requires low cognitive load and 
can be perceived by peripheral vision only. 
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 Figure 6: eAmbi system in operation in a typical home 
environment 
CONCLUSIONS 
We present the eAMBI, an ambient visual interface for 
displaying the current electrical energy consumption 
information in real time. The system is installed in a typical 
home environment and allows the users to perceive their 
energy consumption in real-time in an unobtrusive way.  
We plan to visualize different data parameters (e.g. energy 
related consumption costs, ambient temperature, etc.), 
implement additional visualization patterns and more 
importantly, evaluate the system by real users. For the latter 
we plan to use standard methodologies, such as SUS or 
ATTRAKDIFF questionnaires, in order to compare our 
results with other studies. Finally, we hope that the 
proposed system could find its way into users’ homes and 
positively reduce energy consumption in general and 
change users’ behaviour and possibly habits. 
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